treatment. McKissock (1951) recommended that colloid cysts of the third ventricle should be exposed by a frontal transcortical approach, through an aperture made by excising a conical block of cerebral tissue. Similar transcortical operations have been used to remove tumours in the lateral ventricles. If the ventricles are dilated, the access is certainly excellent. Many surgeons consider that these transcortical operations inflict no significant disability if performed on the nondominant hemisphere.
However, the transection of frontal white matter must have some adverse consequences, even if these are not obvious. Moreover, some patients so treated later develop epilepsy; the incidence in published series (McKissock, 1965) is not high, but in occasional cases the seizures have been very disabling, and personal experience suggests that this is especially so when the operation is performed on an infant or young child. Sperry, 1970) , and also in short-term retention of information (Zaidel and Sperry, 1974; Dimond et al., 1977) . If transcallosal surgery is to be recommended, it is important to establish the safety of the procedure in terms of long-term functional capacities. We report the cases of three patients who underwent transcallosal removal of colloid cysts (two cases) or intraventricular astrocytomas (one case, two tumours). These patients have been reviewed some years after the operations, and investigated by a battery of tests devised to demonstrate interhemispheric transfer and, in one patient, memory abilities. 134
Case reports CASE 1 A girl aged 14 years (WF) had complained of headache over the last two months, with increasing lethargy. On the day of her admission, she passed into a state of rapidly deepening coma. While in hospital, she ceased to breathe and her pupils became fixed. Ventricular drainage was instituted, and ventriculography with air and sodium iophendylate was performed. This investigation demonstrated what appeared to be a midline tumour in the septum pellucidum.
An attempt was made to perform a ventriculocisternal shunt, but in the course of this, the "tumour" was tapped, and a certain amount of dark fluid containing cholesterol was obtained.
After these investigations, she exhibited a left facial and brachial hemiparesis with some dyskinesia. There was marked impairment of recent memory and she was apathetic, confused, and incontinent.
At operation (15 October 1971) , the right frontal lobe was exposed through a small craniotomy. The frontal lobe was retracted after division of one large vein. This permitted exposure of the corpus callosum; the pericallosal arteries were retracted to the left and the body of the corpus callosum was incised, posterior to the genu which was preserved. The length of the incision was probably less than 30 mm. When this was done, the lateral ventricle could be explored, and a greyish-green cyst was seen occupying the foramen of Monro. It contained yellow fluid, and also a certain amount of necrotic material. To expose it fully, it was necessary to divide the pillars of the fornix, and when this was done it was possible to strip the tumour away from the tela choroidea.
This operation was well tolerated. The left facial and brachial paresis rapidly recovered, as did a postoperative complaint of abnormal thirst, but for some time there was a marked impairment of recent memory. Histologically, the cyst was originally considered to be an epidermoid, but further examination led to reclassification as a colloid (so-called paraphyseal) cyst.
After discharge, there was further clinical improvement, and the girl was able to complete a normal education. Five years after the operation she is very well and has no neurological symptoms except forgetfulness over minor matters; she finds a diary helpful. She is attending a teacher's training college and is expected to qualify as a primary school teacher.
CASE 2
This man (GO), aged 64 years, complained of episodes of depression, impaired mental concentration, and sudden attacks of weakness in the legs which caused falling without warning. Examination showed him to be oriented in time and place, but with a significant defect in recent memory. There was symmetrical tendon hyperreflexia but plantar responses were flexor. The optic fundi were normal.
Carotid angiography showed evidence of hydro-21-2-72 (Fig. ]) . A colloid cyst of the third ventricle was diagnosed. At operation on 10 March 1972 the right frontal lobe was exposed through a small bone flap. It was retracted from the falx and, after the sacrifice of one small bridging vein, the corpus callosum was exposed in a distance of about 30 mm (Fig. 2) . After separation of the two anterior cerebral arteries, the corpus callosum was incised, and the dilated lateral ventricle was opened. A cyst could be seen occupying the foramen of Monro on the right side, with a large vein-presumably the septal vein-running over its surface. It was necessary to incise white matter (probably thinned-out fornix) to expose the posterior surface of the cyst, which was tough and rubbery; it contained semi-solid material and, when this was evacuated, the cyst collapsed and could easily be detached from its vascular adhesions. Removal This patient (SF) was investigated at the age of 7 months because of enlargement of his head; a pneumoencephalogram was performed, but no significant abnormality was found. He suffered two convulsions, associated with febrile illnesses, during the first year of life, but thereafter his parents considered that he developed normally.
At the age of five years, he began to complain of headache, and was found to have severe bilateral papilloedema. It was noted that he had numerous areas of absence of normal skin pigmentation, suggesting the diagnosis of tuberose sclerosis (epiloia). He also had haemangiomatous thickening of two fingers of his left hand.
Plain skull radiographs showed several areas of abnormal intracranial calcification, and also wellmarked sutural diastasis. A nuclide brain scan showed abnormal uptake in the left hemisphere. Carotid angiography and ventriculography showed slight hydrocephalus, with evidence of two globular intraventricular masses, the larger of which was in the left lateral ventricle. It did not appear, however to be obstructing the ventricle. A spinoperitoneal shunt was performed, in order to relieve the child's papilloedema. This improved, but the child remained very unwell, and developed a right sided hemiparesis.
At operation (23 May 1974), a left frontal craniotomy was performed. The corpus callosum was exposed by retraction laterally of the left frontal lobe; it was necessary to sacrifice one of the precentral veins. The corpus callosum was transected in the midline, with preservation of the pericallosal arteries; a grey, fleshy intraventricular tumour was found, and this was removed completely. It was adherent on its ventral surface to the floor of the lateral ventricle, probably in the region of the caudate nucleus; lateral to the tumour, there was a large cyst containing yellow fluid. No attempt was made to remove the smaller mass in the right lateral ventricle, as it was assumed to be a non-neoplastic tuber. The tumour was a typical benign giant-celled astrocytoma (Russell and Rubinstein, 1977) .
This operation was well tolerated. There was a dramatic improvement in the child's hemiparesis, and he remained very well for the next 16 months.
He was readmitted on 18 September 1975, complaining of a recurrence of severe headache; examination showed slight bilateral papilloedema and a mild residual weakness of the right leg. A nuclide brain scan showed increased uptake, this time to the right of the midline, and a pneumoencephalogram demonstrated a mass in the right lateral ventricle.
A second transcallosal exploration was performed on 23 September; this time, the corpus callosum was approached by a right frontal craniotomy and sectioned posterior to the genu but anterior to the previous exploration. The tumour was found in the region of the foramen of Monro, which presumably had been intermittently blocked, and was removed, apparently completely. It was, like the first tumour, a giant-celled astrocytoma.
These two callosal sections evidently involved the whole of the body of the corpus callosum, with preservation of the genu and the rostrum. Posteriorly, the section certainly did not reach the splenium, which was not visualised.
After this second operation, the child remained reasonably well, though handicapped by frequent minor epileptic seizures. He 
Surgical technique
These four transcallosal operations, and two others done to explore what proved to be inoperable malignant gliomas, have presented no special difficulties. The retraction of the frontal lobe (Fig. 2) has entailed sacrifice of one draining vein only. The body of the corpus callosum has been easily identified under magnification, and the pericallosal arteries have been either separated or retracted after microsurgical dissection. In case 3, one callosomarginal branch on each side had to be sacrificed, without evident ill effects. Section of the corpus callosum is begun with a fine knife and completed with the sucker tip. With the aid of the operating microscope, a section about 30 mm long has been sufficient even for the comparatively large intraventricular astrocytomas found in case 3 (Fig. 3) . Fig. 3 Diagram showing (shaded) the portion of the corpus callosum divided in cases I and 2; in case 3, the section extended further in the caudal direction, but did not involve the splenium.
The two colloid cysts were removed in toto, after aspiration of their contents. This was done in case In all three cases, the exposure of the ipsilateral frontal horn, foramen magnum, and body of the lateral ventricle was most satisfactory. In case 2, the anterior part of the opposite lateral ventricle could be explored through a pre-existing fenestration in the septum lucidum; in case 1, such a fenestration had to be made. It has never yet been necessary to abandon a projected transcallosal exploration and to have to resort to a transcortical procedure. This change in approach would be easy, and might be necessary if the anatomy of the draining veins or the pericallosal vessels was unfavourable, or if there were dense interhemispheric adhesions.
As Long and Chou (1973) point out, the transcallosal exposure, unlike the transcortical approach, can be recommended even when there is little ventricular dilatation. In one of our cases (GO) there was considerable ventricular dilatation; in the other two, and in the fourth case not reported here, the ventricular dilatation was not great.
Neurological and psychological sequelae Superficially, it can be said that these three cases recovered quite well. The first patient (WF) completed a secondary school education, matriculated, and now copes well with tertiary education in a teachers' college. Her early defect in recent memory is now scarcely evident to her or to observers. The second patient's status is less satisfactory; however, he is 69 years old, and some of his depression and occasional irritability may express his age. The third patient is certainly retarded, but his coexisting tuberose sclerosis may well explain this.
To explore the effects of these restricted callosal sections, all three patients were tested by two of us (MAJ and GG), by methods aimed particularly at analysing specialisation of function within the corpus callosum in the interhemispheric transfer of information (Gazzaniga, 1970; Jeeves, 1978) , and the selective role it may play in memory (Zaidel and Sperry, 1974 (Gazzaniga, 1970) . BEAD 
STRINGING
This simple task, which has been used to study bimanual co-ordination in acallosals (Jeeves, 1965; Reynolds and Jeeves, 1977) requires the subject to thread as many beads as possible on a lace in two minutes. All three patients performed considerably below the level of matched control subjects.
THREE-HOLE FORMBOARD
The subject is given the pieces-a circle, a triangle, and a square. He slides his hand under a curtain which prevents him from seeing the board, and feels the holes; then, at the word "Go," he fits the pieces into the board as fast as he can. After five trials, the untrained hand is tested for transfer of this new skill. Only case 2 was so tested, and no evidence of transfer was found.
PENCIL MAZE
A metal 10 choice point maze (Corkin (1965) , Lafayette Instrument Co) is placed behind the screen. The subject's hand is guided to the start hole and to the finish hole, and the extremities of the maze are felt. He is asked to go from start to finish as quickly as he can, and the time for each trial is recorded. If he can, he is encouraged to complete 20 timed trials with the preferred hand, and then to perform several timed trials with the non-preferred hand.
Case 1 showed clear evidence of transfer of learning after 15 trials; case 2 showed no evidence of such transfer after six trials; case 3 was not tested. The transfer shown by case 1 could result from ipsilateral input from proximal musculature or from the patient developing and using a verbal coding of the maze pattern or both.
NAMING FAMILIAR OBJECTS AND DIGITS BY TOUCH ALONE
All three patients performed normally with both hands when asked to name by touch a set of familiar objects and a set of nine 2 insX 14 ins digits.
CHIMERIC FACES
When a point on the vertical meridian is fixated, the right half of the visual field projects to the left hemisphere and vice versa. Levy et al. (1972) constructed sets of chimeric figures, some were two different half faces joined at the vertical meridian, others were line drawings resembling antlers, and yet others were chainlike drawings. They reported that patients who had undergone total commissurotomy experienced no strangeness, discrepancy, or incompleteness in the evoked perceptual image. In tests of facial recognition each hemisphere apparently filled in its own half-face separately, and tended to complete the perception by filling in the unseen half of the same face in conformity with other studies of perceptual completion. In right handed subjects, the right, minor hemisphere dominated the response of simple manual pointing when no language was involved. When a naming response was required to the chimeric faces the left hemisphere became dominant.
The chimeric faces were presented for periods of less than 150 ms. After each presentation the subject inspected a set of normal photographs of whole non-chimeric faces spread on a table before him and pointed to the face he had just seen. A set of 36 colour slides of faces was presented; 12 were of normal whole faces and 24 were chimeric faces. The series was presented twice through, each time being in a pseudo-random order. On the first series, the patient responded by pointing with the right hand and, on the second series, by pointing with the left hand. After the total viewing the subject was asked if he had noticed anything unusual about any of the slides. Time did not permit the naming condition to be given since it involves learning the names to be attached to a set of faces.
Cases 1 and 3 of the present series detected the chimeric nature of the faces at once, as do normal subjects. Case 3 (SF) pointed correctly to the whole faces from which each of the two half faces were taken. He showed no asymmetry in his pointing behaviour. Case 1 (WF) said that she chose to point to the face she felt "was the dominant half." She pointed correctly to four of the half faces in her left visual field and to 11 in the right visual field and made errors on the remaining nine presentations. This asymmetry in her pointing is opposite to the results reported by Levy et al. (1972) with the total commissurotomy patients. Case 2 (GO) was not tested.
TESTS OF GENERAL INTELLECTUAL LEVEL AND MEMORY
A selection of the tests used by Zaidel and Sperry (1974) (Milner, 1971) . The results on these tests are summarised in Table 2. The rationale was that the functioning on the tests of short-term memory should be at a similar level to that on the test of intelligence, as is the case in people without brain damage.
The patient achieved a WAIS Full Scale IQ of 113, made up of a Verbal IQ of 131 and a Performance IQ of 87. The striking discrepancy between verbal and performance IQs is very rare in Zaidel and Sperry (1974) on their total commissurotomy patients. Thus, on five out of seven WMS subtests, WF performed better than Zaidel and Sperry's patients and, indeed, on three of them her performance was as good as or superior to that of normal subjects. The story passages and associate learning were very poorly performed, scoring 5 and 6 respectively. These two subjects produced the low overall MQ of 80. On the VRT, her score was higher than nine out of 10 of Zaidel and Sperry's patients. Her score on form C given first was poor, four correct designs and nine errors; however, on form D she obtained eight correct designs and made three errors, an expected average IQ score.
The recurrent sequences of digits showed a 10% improvement over non-current sequences, whereas the recurrent spatial sequences showed no improvement. Normal subjects show a 30-50% improvement in both the spatial and verbal tasks (Milner, 1971 Gordon et al. (1971) on the absence of the so-called deconnexion syndrome after commissurotomies which were more extensive than ours, since they involved the genu and anterior 50 mm of the corpus callosum, and also the anterior commissure.
We believe that these findings support our preference for transcallosal exposure of anteriorly placed intraventricular tumours. Previous experience (of DAS) with the use of the transcortical route has been attended by a high incidence of troublesome epilepsy, especially in children. Stereotactic surgery may be still more benign (Bosch et al., 1977) . One of us (DAS) has treated a colloid cyst of the third ventricle by stereotactic aspiration; the patient remains symptom-free after 10 years, though the amount of fluid aspirated was very small. A similar method of treatment, combined with visualisation by the fibre-optic ventriculoscope (lizuka, 1971) The results of two recent studies of patients with partial commissurotomies (Dimond et al., 1977; Risse et al., 1978) complement the picture emerging from our own studies. Dimond et al. (1977) reported severe disturbances of somatic and visuospatial transfer, aphasia, and a memory disorder, in a case whose corpus callosum was divided for a distance of 25-30 mm in length and 10 mm in width. From the details given, it would appear that the sectioning extended more posteriorly than in our patients. There was additionally some operative injury to the left posterior frontal gyrus. As with our patients, their patient showed no intellectual impairment on the WAIS and no deficit on object identification by touch. They report a deficit in finger differentiation, although they do not say whether this was only immediately after the operation, or whether it persisted. Of special interest is their observation that the deficit was more evident when the left hand was touched than the right, which agrees with our findings. They found a transient impairment of short-term verbal memory, no impairment of visual memory, and an impairment of memory of the patient's own actions ("autopragmatic amnesia") which was evident six months after operation.
The deficient ability of our patient WF (case 1), in the short-term acquisition of new information (repeated digit and spatial sequences) implicates the corpus callosum for this function. Unlike the patient of Dimond et al. (1977) , her exceptional verbal abilities have enabled coping strategies that minimise her deficits outside a laboratory. Risse et al. (1978) report studies of five patients who had undergone commissurotomy for the relief of intractable seizures, but in whom the anterior commissure had been spared. Tests of interhemispheric transfer indicated complete visual transfer in four out of five of their patients. The one not showing transfer had suffered serious trauma in the left temporal region at a very early age, which may have prevented normal functional connections between the left and right temporal lobes. Their tests suggest that the anterior commissure may be limited in its transfer to nonverbal information. The lack of transfer of tactile information they observe is consistent with our knowledge of somatosensory processing which is not believed to involve the projection field of the anterior commissure. It is also consistent with our own findings, reported above. of a deficit in finger differentiation and localisation of touch since, on their evidence, we should not expect this to be mediated by the intact anterior commissures in our patients. Their evidence for transfer of visual information is at variance with the report by Dimond et al. (1977) of a deficit in transfer of visuospatial information. However, it is not known whether the anterior commissure is capable of developing multimodal interhemispheric transfer in the absence of an acute neuropathological stimulus.
Our long-term studies show that satisfactory results are in general sustained. Two patients have been free from seizures for more than five years; the third does suffer from seizures, but these antedate his operation, and can reasonably be attributed to the underlying tuberose sclerosis.
Our patients do exhibit significant deficits in tests designed to demonstrate interhemispheric transfer of tactile information. Visual transfer, as demonstrated by the chimeric face test, is largely intact. This is of much theoretical interest, since it supports the concept of localisation within the corpus callosum (Jeeves, 1978) . But the patients do not appear to suffer much, if any, inconvenience from this subtle incapacity. Admittedly, only one patient is sufficiently articulate and intelligent to complain of such difficulties, but her failure to do so is encouraging. Nor does she complain of any marked impairment of recent memory, as do the patients with partial but more extensive commissurotomies reported by Zaidel and Sperry (1974) . Perhaps their more severe mnestic defects reflect the additional section of the callosal genu, the anterior commissure and the hippocampal commissure. Certainly, there is increasing evidence for functional localisation within the commissural system (Doty and Overman, 1977) . 
